Introduction
The level of dissolved gas in the dissolution medium is known to have a significant impact on the dissolution of some drug products (1, 2) . Aberrant dissolution results can often be attributed to improper deaeration of the dissolution medium (2) (3) (4) . Although some drug products are known to be extremely sensitive to dissolved gas,the presence of air bubbles should be expected to increase the measurement uncertainty in dissolution testing. In USP Apparatus 2,released air bubbles deposit on the paddle shaft,the surface of the medium,and have been observed adhering to disintegrating drug particles. The release of air bubbles alters the hydrodynamics of the system by changing the fluid flow characteristics in the dissolution vessel (5, 6) . The presence of dissolved gases also is suspected,in many cases,of failure to meet apparatus suitability standards (2, 5) .* Previous studies have demonstrated the use of dissolved oxygen as a measure of deaeration (7) (8) (9) (10) ,although some indicate that dissolved oxygen alone is not an adequate measure (11) with recommendations that other gases,particularly nitrogen and carbon dioxide, should be measured and controlled as well. In this study, oxygen as well as the total dissolved gas pressure (the sum of the partial pressures of oxygen,nitrogen,argon,carbon dioxide,and other trace gases) was monitored from the time the medium was transferred into the dissolution vessel until the end of the dissolution test.
Experimental
Nine dissolution media encompassing a range of dissolved oxygen (1.38-10.08 mg/L) and total dissolved gas concentrations were tested. The ranges of dissolved gases were selected based on possible levels that could be encountered by dissolution practitioners using different deaeration techniques and water purified by various methods. Deaeration techniques included the USP technique,the FDA technique,and helium sparging. Water samples purified by de-ionization and by the Milli-Q system were also evaluated. Different levels of dissolved gas in test media were obtained by mixing media that contained various levels of dissolved gas (Table 1) (12) . Experimental variables such as the equipment,shaft position,and vessel position were held constant throughout the study. The same analyst performed all studies.
Measurement of dissolved gas
Dissolved oxygen and total dissolved gas were measured using a Dissolved Gas and Oxygen Meter (Model TBO-DL6,
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Common Sensing Inc.,Clark Fork,ID). The meter contained two probes,one for oxygen and the other for total dissolved gas. Constant stirring was required to ensure proper operation of the oxygen probe. Dissolved gas levels were recorded at 1-min intervals,and data were downloaded into a spreadsheet.
Deaeration techniques
USP technique: Purified Milli-Q water was heated to about 41 °C with gentle stirring. A vacuum of 60 mbar was generated using a water aspirator (Model B-169,Brinkman Instruments,Westbury,NY) and monitored with an in-line vacuum gauge (Vacuubrand,Essex,CT). Medium was filtered under vacuum using a 0.45-µm membrane filter (Millipore Corporation,Billerica,MA) with vigorous stirring. Stirring continued for 5 min under vacuum following filtration (13) .
FDA technique: Air was bubbled through the medium under a reduced pressure of 140-150 mm Hg (14) .
Helium sparging: The medium was sparged with helium (Airgas Inc.,Radnor,PA) via a solvent inlet filter at a pressure of 6 psi for 30 min (12) .
Dissolution
Dissolution tests were performed at 37 °C using USP Apparatus 2 at 50 rpm (Hanson SR8 Plus Dissolution Test Station,Chatsworth,CA). Water (500 mL) was used as the dissolution medium. At each dissolved gas level,three replicate dissolution runs were performed with a set of six tablets for each run. At 30 min,30-mL samples were manually collected. The samples were filtered using a 0.45-µm syringe filter (Millipore Corporation,Billerica,MA) discarding the first 5 mL. Relative prednisone concentrations were a Results are expressed as mean ± standard deviation (SD),n = 3;6 tablets were analyzed in each dissolution test. 
Results
The dissolved oxygen concentration, combined pressures of gases other than oxygen (total dissolved gas pressure minus the partial pressure of oxygen,TDGP -pO 2 ), and the corresponding percent prednisone dissolved values are summarized in Table 1 . The TDGP -pO 2 values were obtained by subtracting the partial pressure of oxygen (pO 2 ) from the total dissolved gas pressure (TDGP). This value is reflective of the combined pressures of nitrogen, argon, carbon dioxide, and other trace gases in the medium. The results indicate a dissolved oxygen sensitivity threshold concentration of about 6 mg/L, above which both the amount dissolved and variability of results increased (Figure 1 ). The corresponding total dissolved gas pressure, excluding dissolved oxygen, was about 510 mm Hg (Figure 2 ). The percent saturation at this level was 68%. The three different deaeration techniques produced similar dissolution results despite differences in their efficiency. The reaeration profiles are illustrated in Figures 3  and 4 . The times required for media to reach the bath temperature of 37 °C were 13, 28, and 38 min for the USP, FDA, and helium sparging techniques, respectively. For helium sparging, the dissolved oxygen level increased from 1.81 to 5.02 mg/L from the time the medium was transferred to the vessels to the start of the dissolution test. During this equilibration time, the TDGP -pO 2 decreased, perhaps due to the release of helium from the medium. Significantly higher percent dissolved values were obtained in non-deaerated, deionized water compared to those obtained in non-deaerated Milli-Q water (p ≤ 0.01). The results were consistent with previous studies suggesting that 4-7 mg/L of dissolved oxygen produced an equilibrium effect (7). The oxygen probe provided instantaneous stable readings within 1-2 min, but the total dissolved gas probe required about 10 min.
Conclusions
USP Prednisone Tablets (Reference Standard Lot P0E203) used for the USP Performance Verification Test (PVT) are sensitive to dissolved oxygen and total dissolved gas in USP Dissolution Apparatus 2. An increase in the amount of prednisone dissolved and a slight increase in the variability of results were observed beyond an apparent oxygen sensitivity threshold level of about 6 mg/L. The corresponding percent saturation was 68%. Although heating the medium prior to deaeration does not affect the efficiency of deaeration,it minimizes reaeration by reducing the time required to heat the medium to 37 °C after transfer to the dissolution vessel. These results highlight the importance of knowing the dissolved gas content of the water source in the laboratory. The data also suggest that dissolved oxygen has a significant influence on dissolution. However,the measurement of dissolved oxygen alone may not be adequate when inert gas sparging is being used to deaerate dissolution media. The measurement of total dissolved gas is necessary when inert gas sparging is being used. 
